I. TABLE OF TC OF KNOWN HEUSLER ALLOYS
Here we present experimental data, collected from the literature, for known magnetic Heusler alloys (HAs). These data have been used to perform the regression used to extract the T C of the new predicted compounds.
Summary Table for the magnetic HAs of the type Co 2 XY . Here we report the compound, the magnetic moment per formula unit, m, and the experimental T C , together with the appropriate reference. The quantity labelled with a '*' are those, which have been used to run the regression.
Material Summary Table magnetic HAs of the type X 2 MnY . Here we report the compound, the magnetic moment per formula unit, m, the experimental T C , the volume of the F43m cell, and the number of valence electrons per formula unit, N V , together with the appropriate reference. The quantity labelled with a '*' are those, which have been used to run the regression.
Material Here we present the ternary phase diagrams (convex Hull diagrams) for the Mn 2 -based Heusler alloys for which we have attempted the experimental growth. We also present tables listing: 1) the most energetically favourable binary decomposition (this may include known phases and hypothetical ones found in the binary AFLOWLIB.org database), 2) the list of all competing binary phases found in the ICSD database. Whenever the experimental critical temperature (either Curie or Neel) of a given compound is known, it is reported in the tables (FM=ferromagnet, AF=antiferromagnet). 
III. EXPERIMENTAL STRUCTURAL AND MAGNETIC ANALYSIS Mn2-BASED COMPOUNDS
We provide information on the two Heusler alloys, namely Mn 2 PtCo and Mn 2 PtV, for which the synthesis has not produced a single-phase Heusler but resulted in phase-segregated phases.
The Heusler alloys were prepared by arc melting in high-purity argon. The ingots were remelted four times to ensure homogeneity. An excess of 3 % wt. Mn was added in order to compensate for Mn losses during arc melting. Ingots were sealed under vacuum in quartz tube (10 −6 Torr) slowly heated at 5 C/min up to 850 C and soaked at 850 C for 1 week, then slowly cooled down to room temperature at 2 C/min. Structural characterization was carried out by powder X-ray diffraction (XRD) with a PANalytical X'Pert Pro diffractrometer with Cu-K α radiation.The bulk pieces were held in a gel cap and the magnetic measurements were carried out using a Quantum Design superconducting quantum interference device magnetometer in a field of up to 5 T. The microstructure and composition were analysed with a scanning electron microscope (SEM Carl Zeiss Evo) for the polished bulk samples. The compositions are determined by Energy Dispersive X-ray Spectroscopy (EDX).
A. Mn2PtCo:
Mn 2 PtCo is unstable and decomposes into two phases: MnPt with the tetragonal AuCu-type structure (P 4/mmm) and Mn 1−x Co x , with x = 0.34-0.37 with a face centered cubic Cu type structure (F m3m). MnPt is antiferromagnetic with a high Néel temperature 92 , T Néel =975 K. Mn 1−x Co x is expected to consist both ferromagnetic and antiferromagnetic phases when the composition is x = 0.34 -0.37, with the Curie and Néel temperature around 140 K and 60 K respectively . Note that our DFT calculations predict Mn 2 PtCo to be about 10 meV/atom more stable than the closest balanced decomposition, thus it is predicted very close to the decomposition boundary.
Our data reveal a Néel temperature around 65 K and a Curie temperature around 143 K (Fig. 1a ). We saw no trace of MnPt 3 (T C = 380K) or Mn 3 Pt (T N =475K). Our experimental magnetization data and XRD measurements confirm the presence of Mn 1−x Co x with x = 0.34-0.37 and MnPt, which have cubic and tetragonal structures respectively (Fig. 2) . The room temperature magnetization curve is linear due to the antiferromagnetic MnPt, with a paramagnetic contribution from Mn 1−x Co x . At 4 K, the hysteresis loop exhibits exchange bias, due to the coexistance intergrown of AFM and FM phases in Mn-Co alloy as originally reported by Kouvel .
XRD results show that the main phase is MnPt (P4/mmm) with lattice parameters a=278 pm and c=372 pm and the secondary phase is Mn 1−x Co x with x=0.34-0.37 (F m3m) with lattice parameter a=362 pm (Fig. 2) . SEM images demonstrate the decomposition of Mn 2 PtCo into Mn-Co and Mn-Pt phases (see Fig. 2 ). The EDX analysis confirms the absence of any Co-Pt phase, and the existence of Mn-Pt and Mn-Co phases. EDX map analysis, line and point spectra show that white or light grey parts belong to Mn-Pt, while the dark grey part belongs to Co and Mn-rich phases and the black spots belong to Co-rich material. Thin grey line features may be Mn 1−x Co x with x=0.34-0.37. Elemental maps confirms that Co-rich areas show no sign of any Pt, and the Pt and Mn co-exists.
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. S1 Zero field cooled magnetization curve as a function of temperature (a) and magnetization curves at 300K and 4K (b) of Mn2PtCo.
. S2 XRD pattern with main AuCu structure and EDX map analysis where the white part indicates the absence and black part indicates the maximum amount of element (a) and SEM image of Mn2PtCo (b) fig .
fig .
B. Mn2PtV
Mn 2 PtV is unstable and decomposes into three main phases: tetragonal Mn 65 Pt 35 (AuCu structure, P 4/mmm), cubic Mn 1.2 Pt 0.8 (F m3m) and orthorombic PtV (AuCd structure P mma). Mn 65 Pt 35 and Mn 1.2 Pt 0.8 are ferromagnetic with Curie temperature ∼ 250 K and 540 K respectively 9 , . Our data reveals an unidentified transition at ∼46 K and a peak at ∼243 K, which we associate to Mn 65 Pt 35 (Fig. 3) . Note that our DFT calculations predict Mn 2 PtV to be only about 0.6 meV/atom more stable than the closest balanced decomposition, i.e. it is on the phase separation boundary.
The room temperature magnetization curve is dominated by the ferromagnetic Mn Mn 65 Pt 35 has a tetragonal structure with lattice parameter a=273 pm and c=386 pm whereas Mn 1.2 Pt 0.8 is cubic with lattice parameter a=390 pm and PtV is orthorombic with lattice parameters a=446 pm, b=266 pm and c=480 pm, as is shown in Fig. 4 . SEM images prove the decomposition of Mn-Pt and Pt-V phases (Fig. 4) . Generally vanadium and mangenese do not co-exist in the same area.
According to point and line spectrum; dark grey parts and small black points belongs to Pt-V, light grey and white areas indicates Mn-rich Mn-Pt and big black regions indicates Pt rich Pt-V phases. In Fig. 4 dark regions indicates the elemental rich part and light shade colour regions indicates elemental poor phases.
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2PtV as a function of temperature (a) and magnetization curves at 300 K and 4 K (b) after correction for the paramagnetic slope (c) (d) 
IV. DISTRIBUTION OF TS FOR THE INTERMETALLIC HAs
We report here histograms for the distribution of the entropic temperatures of the 8776 intermetallic HAs presenting negative enthalpy of formation and for the 248 found stable after the convex Hull diagram analysis.
TS, for all the 8776 intermetallic HAs displaying negative enthalpy of formation (∆H < 0 and TS > 0). The continuous red line is our best fit to a two-parameter Weibull distribution with a shape of 1.13 and a scale of 2585.63. The total energy of Mn 2 PtPd is calculated for different c/a ratio (and constant volume) for both the ferromagnetic and antiferromagnetic state. Note that, while in the ferromagnetic configuration the energy minimum is found for the cubic solution, in the antiferromagnetic case (lower in energy) this is found for c/a=1.3, in agreement with the experimental data. 
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